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Book ReviewNot long ago, the skeleton was viewed 
as a mere supporting structure appeal-
ing only to a small group of specialists. 
Research in the past two decades, how-
ever, has revealed marvelous intricacies 
concerning the formation and remod-
eling of the skeleton, its intimate 
connections with other organs in 
the body, and elegant genetic cir-
cuitries that regulate skeletal cell 
differentiation. These new revela-
tions have not only energized those 
studying skeletal biology but have 
also attracted interest from other 
investigators. Therefore, a book 
encapsulating the current state of 
skeletal biology would benefit both 
veterans in the field and newcomers 
alike. The Skeletal System, edited 
by Olivier Pourquie and written by 
leading experts in the field, aspires 
to do just that.
The thirteen-chapter book places 
a clear focus on embryonic devel-
opment of the vertebrate skeleton, 
an area that boasts most of the 
recent advances. Chapters 2–4 
are devoted to skeletal patterning, 
which has long fascinated embryol-
ogists and developmental biologists 
who are interested in deciphering 
the rules for specific pattern forma-
tion. Although classical embryologi-
cal experiments are credited with 
uncovering many of the ground 
rules of skeletal development, it 
is the modern molecular and genetic 
techniques that have revealed the identi-
ties of the key regulators. These chap-
ters recount in detail the growth factors 
(such as Wnt, fibroblast growth factor, 
and sonic hedgehog) and transcription 
factors (such as the Hox family) that 
play critical roles in patterning the limb 
(Chapter 2 by Cooper and Tabin), the 
axial (Chapter 3 by Chal and Pourquié), 
and the craniofacial skeletons (Chapter 
4 by Le Douarin and Creuzet). A future 
challenge is to determine how extracellu-
lar signals are integrated with the activity 
of transcription factors, and how these 
signals are translated into positional 
information and unique morphogenetic 
events that ultimately determine skeletal 
patterns.
Perhaps the most impressive advances 
in recent years have come from studies 
of the molecular mechanisms governing 
the differentiation of skeletal cell types, 
including chondrocytes (which produce 
cartilage), osteoblasts (bone-forming 
cells), and osteoclasts (which resorb 
bone). These advances, covered in Chap-
ters 5–9, range from cytokines control-
ling osteoclast formation to transcription 
factors and growth factors that regulate 
chondrocyte and osteoblast differentia-
tion. Whereas osteoclasts belong to the 
hematopoietic lineage, osteoblasts and 
chondrocytes are thought to develop from 
a common mesenchymal progenitor of 
either mesodermal or neural crest origin. 
In support of this notion, cell fate “switch-
ing” is observed in mutant mice in which 
either osteoblast or chondrocyte differ-
entiation is blocked (discussed in Chap-
ter 5 by de Crombrugghe and Akiyama). 
A defining distinction between these two 
differentiation programs appears to lie 
with the transcription factors Sox9, which 
is indispensable for chondrogenesis, and 
Runx2, which is essential for osteoblast 
differentiation (discussed in Chapter 5 and 
Chapter 7 by Karsenty). Interestingly, 
Wnt signaling appears to favor an 
osteoblast instead of a chondrocyte 
fate, although it remains to be eluci-
dated whether this discrimination is 
achieved through altering the relative 
potency of Sox9 versus Runx2.
Another important revelation, 
emphasized in these chapters, is 
that the differentiation programs 
for chondrocytes, osteoblasts, 
and osteclasts are executed in a 
sequential manner, exhibiting stage-
specific requirements for different 
transcription factors and growth 
factors. For example, Chapter 7 
describes how osteoblasts require 
the transcription factor Osx at a later 
stage than Runx2, whereas a third 
transcription factor ATF4 is impor-
tant mainly for the proper function 
of mature osteoblasts. Similarly, 
the growth factor Indian hedgehog 
(Ihh) functions earlier than Wnt in 
the osteoblast lineage during endo-
chondral bone development (dis-
cussed in Chapter 6 by Kronenberg, 
McMahon, and Tabin and Chapter 8 
by Fujimori, Kostanova-Poliakova, 
and Hartmann). However, despite 
significant progress, major questions 
remain to be answered. In particular, it 
is not yet fully understood how the afore-
mentioned growth factors and transcrip-
tion factors convert a progenitor cell to 
an osteoblast. Moreover, because many 
of the key molecules were identified dur-
ing embryonic development, it is not 
clear whether they all continue to play 
the same roles in the postnatal skeleton. 
These questions receive minimal treat-
ment in the book but clearly warrant 
future research.
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Indeed, embryonic development is only 
the beginning of a skeleton’s long life. A 
human skeleton continues to develop 
after birth for two decades before reach-
ing maturity, and a mature skeleton con-
tinuously remodels with an estimated rate 
of turnover of 10% per year. Although not 
a major focus of the book, bone remod-
eling is discussed eloquently in Chapter 
11 by John Martin and Natalie Sims. Bone 
remodeling occurs asynchronously and 
at specific locations, through resorption 
of old bone followed by formation of new 
bone. The process has fascinated genera-
tions of bone biologists because it requires 
that osteoclast and osteoblast differenti-
ation be finely tuned. Bone remodeling is 
also exquisitely sensitive to physiological 
(hormonal) and environmental (mechani-
cal loading) stimuli. Although many of 
the key questions remain unanswered, 
a recent major advance is the realiza-
tion of the importance of osteocytes in 
bone remodeling (discussed in Chapter 
11, and Chapter 10 “Bone Mineralization” 
by Bonewald, Dallas, and Gorski). Osteo-
cytes are terminal osteoblast-lineage cells 
with long dendritic processes embedded 
in bone matrix. Despite their prevalence 
(over 90% of all bone cells), osteocytes 
have long been neglected, largely due to 
their apparent quiescence and their rela-
tive inaccessibility to researchers. How-
ever, the recent finding that osteocytes 
express fibroblast growth factor 23, a 
regulator of phosphate homeostasis, and sclerostin, a Wnt antagonist, has accen-
tuated the regulatory functions of this cell 
type. In addition, perhaps the most pro-
vocative recent findings in skeletal biol-
ogy are the demonstration of regulatory 
circuitries between bone and the nervous 
system and glucose metabolism, which 
underscore the interdependence of the 
skeleton and other organs in the body 
(discussed in Chapter 11).
Although much of our knowledge 
about the skeleton is derived from model 
organisms, the importance of many key 
genes has been confirmed in humans 
through the discovery of their involve-
ment in a myriad of skeletal diseases. 
Chapter 12, “Genetics of Human Skel-
etal Disease,” by Bjorn Olsen provides 
a comprehensive and up-to-date sum-
mary of this topic. The variety of diseases 
spans the entire spectrum of skeletal 
biology, ranging from patterning defects, 
to growth anomalies, to bone remod-
eling disorders. Thus, human genetic 
studies have greatly aided our current 
understanding of skeletal development 
and homeostasis.
Other aspects of skeletal biology are 
also discussed in the book, including the 
evolutionary origin of bone and cartilage 
(Chapter 1 by Ota and Kuratani) and the 
skeletal extracellular matrix (Chapter 13 
by Francesco Ramirez).
Bone biology increasingly attracts 
the attention of hematologists and 
immunologists. This interest is in part Cell 139, Dkindled by the recent molecular char-
acterization of hematopoietic stem 
cell niches in the bone marrow and 
increased awareness of the interactions 
between immune and skeletal systems. 
Unfortunately, these promising new 
areas are not discussed in the book. 
Also largely omitted from the book is a 
discussion of the fundamental roles of 
the skeleton in calcium and phosphate 
homeostasis. Readers interested in 
mineral metabolism are encouraged to 
consult other books, such as Primer on 
the Metabolic Bone Diseases and Dis-
orders of Mineral Metabolism (seventh 
edition).
In summary, the book provides a 
wealth of useful and up-to-date infor-
mation written by leading investigators 
who are at the forefront of the field. It is 
particularly thorough in its coverage of 
skeletal patterning and skeletal cell dif-
ferentiation. Unfortunately, this strength 
is also a weakness; as most chapters are 
written in great detail the book is mainly 
aimed at specialists, although newcom-
ers may benefit from the overview of the 
field that the book provides. In addi-
tion, a greater emphasis on unanswered 
questions and future directions would 
have benefited the next generation of 
skeletal biologists and broadened the 
book’s appeal beyond its core audience. 
Nevertheless, this book will be a useful 
addition to the bookshelves of all those 
interested in skeletal biology.
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